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A process for the production of coatings on sub- 


remains on the substrate, 



strates comprising the successive steps: 

a) providing a substrate to be coated and of a back- 
ing foil provided on one side with an uncured or at 
least only partially cured coating of a curable coat- 
ing composition, 

b) applying the coated side of the backing foil pro- 
vided with the uncured or at least only partially 
cured coating onto the substrate, 

c) curing the coating applied in said manner and 

d) removing the backing foil from the coating which 



wherein curing of the coating proceeds prior to and/or 
after removal of the backing foil and wherein the un- 
cured or at least only partially cured coating of the cur- 
able coating composition is or has been applied onto 
one side of the backing foil by screen printing. 
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Description 

Field of the Invention 

[0001] The invention relates to a process for the pro- 
duction of coatings on substrates using backing foils 
provided by a screen printing process with an un cured 
or at least only partially cured (cross-linked) coating. 

Background of the Invention 

[0002] Backing foils coated on one side with an un- 
cured or at least only partially cured coating composition 
are known from WO 03/013739 and US 2003/0113444 
A1 . They can be used for original or repair coating of 
substrates, the coating layer being transferred onto the 
substrate and cured. As a result, only the cured coating 
layer remains on the substrate, but not the backing foil, 
which is removed before or after completion of curing. 
[0003] With regard to the production of coated back- 
ing foils, WO 03/013739 and US 2003/0113444 A1 ex- 
plain that the curable coating compositions may be ap- 
plied onto the backing foil using conventional methods, 
for example, by means of brushing, roller coating, flood- 
ing, knife coating or spraying, i.e., by means of conven- 
tional coating processes. 

[0004] The coating processes used to produce the 
coated backing foils have relatively low productivity and/ 
or operate with losses of curable coating composition 
due to the formation of overspray and/or are incapable 
of accurately producing the desired layer thickness of 
the coating layer of the curable coating composition that 
is applied onto the backing foil. 

[0005] It is desirable to provide a coating process for 
substrates using backing foils provided in an advanta- 
geous manner with an uncured or at least only partially 
cured coating. 

Summary of the Invention 

[0006] The invention relates to a process for the pro- 
duction of coatings on substrates comprising the suc- 
cessive steps: 

a) providing a substrate to be coated and of a back- 
ing foil provided on one side with an uncured or at 
least only partially cured coating of a curable coat- 
ing composition, 

b) applying the coated side of the backing foil pro- 
vided with the uncured or at least only partially 
cured coating onto the substrate, 

c) curing the coating applied in said manner and 

d) removing the backing foil from the coating which 
remains on the substrate, 

wherein curing of the coating proceeds prior to and/or 
after removal of the backing foil, wherein the uncured or 
at least only partially cured coating of the curable coat- 



ing composition is or has been applied onto one side of 
the backing foil by screen printing. 

Detailed Description of the Embodiments 

5 

[0007] The substrates provided in step a) of the proc- 
ess according to the invention may comprise substrates 
of any desired coatable materials, for example, of metal, 
plastic, wood, glass. The substrates may be uncoated 
10 or have a single layer or a multilayer precoating, for ex- 
ample, a paint coating. The substrates to be coated may, 
for example, comprise automotive bodies, body parts or 
body fittings. 

[0008] The backing foil provided in step a) of the proc- 
15 ess according to the invention, which is coated on one 
side with an uncured or at least only partially cured coat- 
ing of a curable coating composition, is produced by 
screen printing a backing foil with the curable coating 
composition on one side. 
20 [0009] A first embodiment of the process according to 
the invention uses a backing foil provided with a coating 
of a thermally curable coating composition, while a sec- 
ond embodiment of the process according to the inven- 
tion uses a backing foil provided with a coating of a coat- 
25 ing composition which is curable by means of high-en- 
ergy radiation and is optionally additionally thermally 
curable. 

[0010] Although it is essential to the invention for a 
screen printing process to be used, the present descrip- 

30 tion and claims nevertheless refer to coating of a back- 
ing foil with a coating composition. While in conventional 
screen printing it is possible to form printing ink pixels 
on the print medium which are isolated from one anoth- 
er, the individual pixels of coating composition screen 

35 printed on the backing foil in the process according to 
the invention, said pixels still initially being isolated from 
one another, merge into a continuous coating film after 
removal of the printing screen. 

[001 1] In the case of the first embodiment of the proc- 
40 ess according to the invention, the backing foils com- 
prise metal foils, for example, of aluminum, or prefera- 
bly foils of any desired, in particular thermoplastic, plas- 
tics. The plastics foils are preferably transparent, in par- 
ticular colorless and transparent. In the case of supply- 
45 ing thermal energy to the coating prior to the removal of 
the backing foil, the plastics foils must be resistant to 
the temperatures that arise in the foil material on supply 
of thermal energy. Suitable plastics foil materials are, for 
example, polyolefins, such as, polyethylene, polypropyl- 
50 ene; polyurethane; polyamide and polyesters, such as, 
polyethylene terephthalate and polybutylene terephtha- 
late. The plastics foils may also consist of polymer 
blends. 

[0012] In the case of the second embodiment of the 
55 process according to the invention, the backing foils 
comprise colored or colorless, in particular transparent 
foils of any desired, in particular thermoplastic, plastics 
which meet certain requirements with regard to UV (ul- 
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traviolet) transmittance and heat resistance. In the case 
of irradiation of the coating with UV radiation in which 
U V radiation is passed through the backing foil, the foils 
must transmit UV radiation and be resistant to the tem- 
peratures that arise in the foil material on irradiation with 
UV radiation. The foils must also be resistant to the tem- 
peratures optionally required for partially gelling/tackify- 
ing the applied coating layer. Suitable plastic foil mate- 
rials are, for example, polyolefins, such as, polyethyl- 
ene, polypropylene; polyurethane; polyamide and poly- 
esters, such as, polyethylene terephthalate and poly- 
butylene terephthalate. The plastics foils may also con- 
sist of polymer blends. 

[0013] The backing foils may be surface-treated. It is 
also possible for the backing foils to have a textured sur- 
face, for example, a micro- and/or macro-textured sur- 
face. A textured foil surface, for example, is convenient 
if the surface of the coating layer to be applied in the 
process according to the invention is to exhibit corre- 
sponding textures. In this case, the side of the backing 
foil to be coated would comprise a negative of the ap- 
propriate textures and, after removal of the textured 
backing foil, the textures may then be formed as a pos- 
itive in the outer surface of the outer coating layer pro- 
duced using the process according to the invention. The 
thickness of the foils may, for example, be between 10 
and 1 000 u,m, preferably, between 1 0 and 500 urn, par- 
ticularly preferably, between 20 and 250 um and is de- 
termined by practical considerations of processability. 
[0014] The backing foils selected should preferably 
be those that are elastic and extensible and cling effec- 
tively to the substrate by electrostatic forces. 
[0015] The coatings located on one side of the back- 
ing foils are curable coatings which are or have been 
applied from curable coating compositions by screen 
printing. The curable coating compositions themselves 
are liquid or pasty and may contain water and/or organic 
solvents or contain neither solvents nor water. In the lat- 
ter, less preferred case, screen printing may be or have 
been performed with heated, for example, molten coat- 
ing composition. 

[001 6] In the case of the first embodiment of the proc- 
ess according to the invention, the coatings on the back- 
ing foils are of coating compositions curable by supply 
of thermal energy. Examples of such thermally curable 
coating compositions are the coating compositions 
known to the person skilled in the art wh ich contain bind- 
ers curable by means of cationic and/or free- radical po- 
lymerization and/or by means of condensation reactions 
and/or by means of addition reactions. When selecting 
the binders, care must be taken to use only those ther- 
mally cross-linkable binders that are stable in storage 
prior to supply of thermal energy. 
[0017] Thermally cationically curable coating compo- 
sitions contain one or more cationically polymerizable 
binders. These may comprise conventional binders 
known to the person skilled in the art, such as, polyf unc- 
tional epoxy oligomers containing more than two epoxy 



groups per molecule. These comprise, for example, 
polyalkylene glycol diglycidyl ethers, hydrogenated bi- 
sphenol A glycidyl ethers, epoxyurethane resins, glyc- 
erol triglycidy I ether, diglycidyl hexahydrophthalate, dig- 

5 iycidyl esters of dimer acids, epoxidized derivatives of 
(methyl)cyciohexene, such as, for example, 3,4-epoxy- 
cyclohexylmethyl (3,4-epoxycyciohexane) carboxylate 
or epoxidized polybutadiene. The number average mo- 
lar mass of the polyepoxy compounds is preferably be- 

10 low 1 0,000. Reactive diluents, such as, cyclohexene ox- 
ide, butene oxide, butanediol diglycidyl ether or hexan- 
ediol diglycidyl ether, may also be used. 
[0018] The thermally cationically curable coating 
compositions contain one or more thermally activatable 

*5 initiators. Initiators which may be used are, for example, 
thermolabile onium salts. 

[0019] Thermally free-radically curable coating com- 
positions contain one or more binders with free- radically 
polymerizable olefinic double bonds. Suitable binders 

2 o having free- radically polymerizable olefinic double 
bonds that may be considered are, for example, all the 
binders known to the skilled person that can be cross- 
linked by free-radical polymerization. These binders are 
prepolymers, such as, polymers and oligomers contain- 

25 jng, per molecule, one or more, preferably on average 
2 to 20, particularly preferably 3 to 1 0 free- radically po- 
lymerizable olefinic double bonds. The polymerizable 
double bonds may, for example, be present in the form 
of (meth)acryloyl, vinyl, allyl, maleate and/or fumarate 

30 groups. The free-radically polymerizable double bonds 
are particularly preferably present in the form of (meth) 
acryloyi groups. 

[0020] Both here and below, (meth) acryloyi or (meth) 
acrylic are respectively intended to mean acryloyi and/ 

35 or methacryloyl or acrylic and/or methacry lie. 

[0021] Examples of prepolymers or oligomers include 
(meth)acryloyl-functional poly(meth)acrylates, poly- 
urethane (meth) aery lates, polyester (meth)acrylates, 
unsaturated polyesters, polyether (met h)acry lates, siii- 

^o cone (meth)acrylates, epoxy (meth)acry lates, amino 
(meth)acrylates and melamine (meth)acry lates. The 
number average molar mass Mn of these compounds 
may be, for example, 500 to 10,000 g/mole, preferably 
500 to 5,000 g/mole. The binders may be used individ- 

45 ually or as a mixture. (Meth)acryloyl-functional poly 
(meth)acrylates and/or polyurethane (meth )acry lates 
are preferably used. 

[0022] The prepolymers may be used in combination 
with reactive diluents, i.e., free-radically polymerizable 

so low molecular weight compounds with a molar mass of 
below 500 g/mole. The reactive diluents may be mono-, 
di- or polyunsaturated. Examples of m on ounsatu rated 
reactive diluents include: (meth)acrylic acid and esters 
thereof, maleic acid and semi-esters thereof, vinyl ace- 

55 tate, vinyl ethers, substituted yinylureas, styrene, vinyl- 
toluene. Examples of di unsaturated reactive diluents in- 
clude: di(meth)acrylates, such as, polyethylene glycol 
di(meth)acrylate, 1 ,3-butanediol di(meth)acrylate, vinyl 
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(meth)acrylate, aliyl (met h)acry late, divinylbenzene, ' 
dipropylene glycol di(meth)acrylate and hexanediol di 
(meth)acrylate. Examples of polyunsaturated reactive 
diluents are: glycerol tri(meth)acrylate, trimethylolpro- 
pane tri(meth)acrylate and pentaerythritol tri(meth)acr- 
ylate, pentaerythritol tetra(meth)acrylate. The reactive 
diluents may be used alone or in mixture. 
[0023] The free- radically curable coating composi- 
tions may contain thermally activatable free-radical ini- 
tiators which decompose at different temperatures, de- 
pending on the Initiator type. Examples of such free-rad- 
ical initiators include, organic peroxides, organic azo 
compounds or C-C-cleaving initiators, such as, dialkyl 
peroxides, peroxycarboxylic acids, peroxydicarbo- 
nates, peroxide esters, hydroperoxides, ketone perox- 
ides, azodinitriles or benzopinacole silyl ethers. The 
free-radical initiators are preferably used in quantities of 
between 0.1 and 5 wt-%, relative to resin solids content. 
The thermal initiators may be used individually or in 
combination. 

[0024] Thermally curable coating compositions that 
cure by means of condensation reactions and/or by 
means of addition reactions contain one or more binders 
with appropriately cross-linkable functional groups. 
Suitable binders are those binders or binder systems 
that are stable in storage prior to supply of thermal en- 
ergy. One-component binder systems are preferred. 
[0025] The addition and/or condensation reactions as 
stated above comprise coatings chemistry cross-linking 
reactions known to the person skilled in the art, such as, 
ring-opening addition of an epoxy group onto a carboxyl 
group forming an ester and a hydroxyl group, the reac- 
tion of a hydroxyl group with a blocked isocyanate group 
forming a urethane group and eliminating the blocking 
agent, the reaction of a hydroxyl group with an N-meth- 
ylol group eliminating water, the reaction of a hydroxyl 
group with an N-methylol ether group eliminating the 
etherification alcohol, the transesterification reaction of 
a hydroxyl group with an ester group eliminating the es- 
terification alcohol, the trans urethanizati on reaction of a 
hydroxy! group with a carbamate group eliminating al- 
cohol, the reaction of a carbamate group with an N- 
methylol ether group eliminating the etherification alco- 
hol. 

[0026] Moisture-curing binder components are also 
possible, for example, compounds with free isocyanate 
groups, with hydrolyzable alkoxysilane groups or with 
amino groups blocked as ketimine or as aldimine. In the 
event that the thermally curable coating compositions 
contain binders or functional groups that cure by means 
of atmospheric humidity, certain conditions described 
below must be maintained during preparation of the 
coated backing foils in order to avoid premature curing. 
[0027] The various cross-linking mechanisms de- 
scribed above may be combined at will, provided that 
they do not mutually interfere. The various cross-linka- 
ble functional groups may here be present in the same 
binder and/or in separate binders. Binders that cross- 



link without elimination are preferably used. In particular, 
free-radically polymerizable binder systems are used in 
combination with thermal initiators. These binder sys- 
tems may optionally be combined with at least one of 

5 the above-stated binder systems which cross-link by 
means of condensation and/or addition reactions. 
[0028] In the case of the second embodiment of the 
process according to the invention, the coatings on the 
backing foils are of coating compositions curable by ir- 

10 radiation with high-energy radiation. These coating 
compositions are cationically and/or free- radically cur- 
able coating compositions known to the person skilled 
in the art, wherein free-radically curable coating compo- 
sitions are preferred. 

is [0029] The coating compositions cationically curable 
by irradiation with high-energy radiation contain one or 
more cationically polymerizable binders, for example, 
the same as those described above in connection with 
the thermally cationically curable coating compositions. 

20 [0030] The cationically curable coating compositions 
contain one or more photo initiators. Photoinitiators that 
may be used are onium salts, such as, diazonium salts 
and suffonium salts. 

[0031] The coating compositions free- radically cura- 

25 ble by irradiation with high-energy radiation contain one 
or more binders with free-radically polymerizable olef in- 
ic double bonds. With regard to these binders and fur- 
ther components with free-radically polymerizable 
olefinic double bonds, the same applies as has already 

30 been described above in connection with the thermally 
free-radically curable coating compositions. 
[0032] The coating compositions free- radically cura- 
ble by irradiation with high-energy radiation contain one 
or more photoinitiators, for example, in quantities of 0.1 

35 to 5 wt-%, preferably of 0.5 to 3 wt-%, relative to the sum 
of free- radically polymerizable prepotymers, reactive 
diluents and photoinitiators. Examples of photoinitiators 
are benzoin and derivatives thereof , acetophenone and 
derivatives thereof, for example 2,2-diacetoxyace- 

40 tophenone, benzophenone and derivatives thereof, thi- 
oxanthone and derivatives thereof, anthraquinone, 
1 -benzoylcyciohexanol, organophosphorous com- 
pounds, such as, acylphosphine oxides. The photoiniti- 
ators may be used individually or in combination. 

45 [0033] It is possible for the coating compositions cur- 
able by means of high-energy radiation to contain, in ad- 
dition to the binder components free- radically and/or 
cationically polymerizable by means of high-energy ra- 
diation, or in addition to the free-radically and/or cation- 

50 jcally polymerizable functional groups, further binder 
components or further functional groups that are chem- 
ically cross-linkable by an additional curing mechanism, 
for example, by condensation and/or addition reactions. 
Further chemically cross-linking binders that may pref- 

55 erably be used are one-component binder systems, for 
example, based on OH-functional compounds and ami- 
noplast resins and/or blocked polyisocyanates and 
those based on carboxy-f unctional and epoxy-function- 
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al compounds. Moisture-curing binder components are 
also possible, for example, compounds with free isocy- 
anate groups, with hydrolyzable alkoxysilane groups or 
with amino groups blocked as ketimine or aldimine. In 
the event that the coating compositions curable by 
means of high-energy radiation contain binders or func- 
tional groups that cure by means of atmospheric humid- 
ity, certain conditions described below must be main- 
tained during preparation of the coated backing foils in 
orderto avoid premature curing. The additional function- 
al groups and the free-radically and/or cationically po- 
lymerizabie functional groups may be present in the 
same binder and/or in separate binders. 
[0034] The coating compositions used to coat the 
backing foil by screen printing may comprise pigmented 
or unpigmented coating compositions. Unpigmented 
coating compositions are, for example, coating compo- 
sitions formulated in conventional manner as clear 
coats. Pigmented coating compositions contain color- 
imparting and/or special effect-imparting pigments. 
Suitable color-imparting pigments are any conventional 
coating pigments of an organic or inorganic nature. Ex- 
amples of inorganic or organic color-imparting pigments 
are titanium dioxide, micronized titanium dioxide, iron 
oxide pigments, carbon black, azo pigments, phthalocy- 
anine pigments, quinacridone or pyrrol opyrrole pig- 
ments. Examples of special effect-imparting pigments 
are metal pigments, for example, made from aluminum 
or copper; interference pigments, such as, metal oxide 
coated metal pigments, titanium dioxide coated mica. 
[0035] The coating compositions used in screen print- 
ing may also contain transparent pigments, soluble dyes 
and/or extenders. Examples of usable extenders are sil- 
icon dioxide, aluminum silicate, barium sulfate, calcium 
carbonate and talc. 

[0036] The coating compositions may also contain 
conventional coating additives. Examples of conven- 
tional coating additives include levelling agents, Theo- 
logical agents, such as, highly disperse silica or poly- 
meric urea compounds, thickeners, for example, based 
on partially cross-linked, carboxy-f unctional polymers or 
on polyurethanes, defoamers, wetting agents, anticra- 
tering agents, catalysts, antioxidants and light stabiliz- 
ers based on HALS (hindered amine light stabilizer) 
products, sterically hindered morpholin-2-one deriva- 
tives, in particular, morpholin-2-one derivatives sterical- 
ly hindered by 3,3,5,5 polysubstitution and/or UV ab- 
sorbers. The additives are used in conventional 
amounts known to the person skilled in the art. 
[0037] The backing foil is screen printed on one side 
with the liquid, curable coating composition over its en- 
tire surface or only in one or more sub-areas. As with 
conventional screen printing, printing may be performed 
continuously or discontinuously. After removal of the 
printing screen from the backing foil, the pixels of the 
coating composition formed during screen printing, 
which are initially isolated from one another, coalesce 
and merge to form a coating in the form of a continuous 



coating film. 

[0038] If a coating composition melt has been used 
for the screen printing, a cooling operation follows, while, 
in the more usual case of using a liquid coating compo- 
5 sition, a drying process generally follows, over the 
course of which liquid components, such as solvent and/ 
or water, are allowed to flash off. The coating must in no 
event be completely crosslinked during the drying proc- 
ess. 

10 [0039] Merging to form a continuous coating film may 
be influenced by various parameters known to the per- 
son skilled in the art. Examples of such parameters are 
viscosity and surface tension of the coating composition 
and of the backing foil, the nature of the printing screen, 

15 the temperature during the actual screen printing oper- 
ation and during the flashing off and/or merging subse- 
quent to the screen printing operation and the time al- 
lowed for merging. The viscosity of the coating compo- 
sition during the actual screen printing operation, when 

20 stated as a flow time (DIN EN ISO 2431, DIN 4 cup, 
20°C), is, for example, in the range from 50 to 300 sec- 
onds. The surface tension of the coating composition 
used is, for example, in the range from 15 to 37 mN/m 
and below the surface tension of the backing foil of, for 

25 example, 20 to 40 mN/m. The printing screens may be 
made from metal, in particular, from stainless steel, or 
from plastics, for example, polyester or polyamide, and 
comprise, for example, 5 to 200, in particular 20 to 150, 
wires orthreads per linear centimeter with wireorthread 

30 diameters of, for example, 10 to 50 urn. The actual 
screen printing operation generally proceeds within a 
temperature range from 20 to 40°C, while, when coating 
composition merts are used, correspondingly higher 
temperatures may prevail. Flashing off and merging pro- 

35 ceed, for example, at temperatures of 20°C to 1 00°C. A 
period of 1 to 1 5 minutes is generally allowed for flashing 
off and merging. 

[0040] The continuous coating film may take the form 
of a continuous layer (extensive printing of backing foil) 

40 or, if the backing foil is to be used to apply an image onto 
a substrate, the mirror image of the image. In the latter 
case, only part of the area of the backing foil is screen 
printed using a correspondingly designed printing 
screen or a corresponding stencil which produces a mir- 

45 ror image of the image. The corresponding design of the 
printing screen may be achieved by corresponding ar- 
rangement and correspondingly varied mesh size or, for 
example, by (partial) closure of selected meshes or 
mesh areas of a per se homogenous printing screen 

so . with suitable agents, such as, for example, by applica- 
tion of radiation-curable material, corresponding partial 
exposure and subsequent removal of uncured material 
in orderto achieve (partial) closure of meshes. 
[0041] Screen printing conventionally proceeds only 

55 once, but it may also be performed twice or more in suc- 
cession by repeatedly screen printing the coating com- 
position onto the continuous and dried coating film 
formed by the preceding screen printing step. 
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[0042] The uncross-iinked coating should advanta- 
geously be at least slightly tacky at room temperature 
in order to ensure good adhesion onto the substrate. 
The coating may either be intrinsically tacky, for exam- 
ple, due to specially formulated binders or tackiness 
may be achieved by slight partial cross- linking/gel ling of 
the coating, for example, depending on the system by 
gentle heating and/or by UV irradiation. 
[0043] In general, the coatings of the curable coating 
compositions are applied onto the backing foils to dry 
layer thicknesses of 3 to 1 50 urn, preferably of 5 to 1 00 

[0044] It may be advantageous to apply the coating 
with a layer thickness that reduces towards the edges 
of the backing foil so that, when it is subsequently ap- 
plied, edge marks on the substrate surface are avoided. 
Such layer thickness gradients may be produced by 
several repetitions of the screen printing operation, each 
time using a smaller printing screen or by using corre- 
spondingly designed printing screens or corresponding 
stencils. Correspondingly designed printing screens 
can be obtained using the same principle as described 
above in relation to application of an image. 
[0045] In order to facilitate subsequent removal of the 
backing foil prior to or after the supply of thermal energy 
onto the coating or prior to or after irradiation of the coat- 
ing with high-energy radiation, it may be advantageous 
to leave at least one edge zone of the backing foil un- 
coated. It may also be advantageous to provide a spe- 
cial finish on the side of the backing foil that is to be 
coated, for example, a release coating, orto use special 
surface-treated foils, for example, foils surface-modified 
with silicate layers, in order, on removal of the backing 
foil, to facilitate detachment from the coating that is fixed 
to the substrate. 

[0046] It may also be advantageous to provide the 
coated backing foil with a temporary protective foil to 
provide protection. The protective foil may here be 
present only on the coated side of the backing foil, but 
it may also be applied onto both sides and completely 
enclose the entire coated backing foil. The latter possi- 
bility would in particular be advisable in the event of 
presence of the above-described moisture-curing bind- 
er or functional groups in order to exclude atmospheric 
humidity. In order to facilitate detachment of the protec- 
tive foil, it too may be provided with non-stick properties, 
as described above. 

[0047] The coated backing foils, optionally provided 
with protective foil or protective envelope, may be pre- 
fabricated and stored in the most varied shapes and siz- 
es, for example, in sizes of 0.5 cm 2 to 5 m 2 . The coated 
backing foils may also be stored as a reel of continuous 
foil. 

[0048] The coated backing foils may be cut into pieces 
of the correct size adapted to the coating task before 
use or they are already correctly dimensioned, for ex- 
ample, in the form of a set of correctly dimensioned coat- 
ed backing foils. 



[0049] The coated backing foils are used in processes 
according to the invention in order to perform coating 
tasks, such tasks possibly comprising the production of 
any desired coating layers for the purposes of original 

5 coating, the performance of repair coating or the provi- 
sion of images, such as, for example, patterns, pictures, 
logos or the like, on substrate surfaces. 
[0050] While the provision of images on substrate sur- 
faces inevitably entails coating only part of the access i- 

10 ble substrate surface, such is not necessarily case for 
original or repair coating. For example, original or repair 
coating of a part or the entirety of the accessible sub- 
strate surfaces may be performed, wherein in particular 
in the case of repair coating of part of the surface, the 

15 area of the substrate to be repaired will generally have 
to be prepared, for example, by sanding of the blem- 
ished area to be repaired, before repair coating is car- 
ried out by the process according to the invention. 
[0051] Original coating may comprise the application 

20 of any desired coating layer, in particular the application 
of an outer coating layer of a multilayer coating, for ex- 
ample, a pigmented top coat layer, a transparent clear 
coat or a transparent sealing layer. 
[0052] Repair coating may comprise the repair of a 

25 large or small blemished area in any desired coating lay- 
er, for example, in a primer, primer surfacer, base coat, 
top coat or clear coat layer. 

[0053] In step b) of the process according to the in- 
vention, the coated side of the coated backing foils is 
30 applied onto the substrate. The coated backing foils are 
applied by lamination, preferably under pressure and 
optionally with heating and the coating is thus attached 
to the substrate. This may in particular be achieved by 
using devices known from laminate production which 
35 have optionally been suitably modified, for example, 
with a h eatable roll, for example, a rubber roll. 
[0054] Once the coated side of the coated backing foil 
has been applied onto the substrate, the coating is cured 
in step c) of the process according to the invention by 
40 supply of thermal energy to the coating (first embodi- 
ment of the process according to the invention) or the 
coating is irradiated with high-energy radiation (second 
embodiment of the process according to the invention). 
[0055] In the first embodiment of the process accord- 
^5 ing to the invention, the supply of thermal energy may 
proceed prior to removal of the backing foil, for example, 
through the backing foil, and/or the coating is exposed 
to thermal energy after removal of the backing foil. When 
using systems comprising binders cross-linkable by 
so means of condensation reactions, thermal energy is ad- 
vantageously supplied only once the backing foil has 
been removed since the elimination products arising 
during the cross-linking reaction may otherwise be dis- 
ruptive. 

55 [0056] Thermal energy (heat) may be supplied to the 
coating in various ways, in each case providing a tem- 
perature in the coating for a period of time sufficient to 
cure (crosslink) the coating. The person skilled in the art 



50 
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knows or knows how to determine and how to provide 
the temperature/time conditions required for cross-link- 
ing the various thermally curable coating systems. Sup- 
ply of thermal energy according to process step c) may 
proceed using a single method or a combination of two 
or more conventional methods, for example, by radiant 
heating by means of infrared and/or near infrared irra- 
diation and/or by convection, for example, by means of 
hot air and/or by induction heating (in the case of me- 
tallic substrates) and/or by contact heating, for example, 
using a heatable heat-transfer means, such as, a heat- 
able roller or plate which is applied or laid directly on the 
uncoated outer side of the coated backing foil. 
[0057] When supplying thermal energy prior to the re- 
moval of the backing foil, the foil is removed in process 
step d) after the energy has been supplied. To this end, 
the coating is advantageously first allowed to cool be- 
fore the foil is removed. 

[0058] One particular form of the first embodiment of 
the process according to the invention consists in effect- 
ing a partial cure of the coating by initially supplying ther- 
mal energy prior to the removal of the backing foil and, 
once the foil has been removed, effecting final curing in 
a. second energy supply step. In other words, the dose 
of thermal energy required for complete cure is supplied 
in at least two separate steps. 

[0059] In the second embodiment of the process ac- 
cording to the invention, irradiation of the coating with 
high-energy radiation may proceed through the backing 
foil and/or the coating is irradiated after removal of the 
backing foil. UV radiation or electron beam radiation 
may be used as high-energy radiation. UV radiation is 
preferred. Irradiation may proceed continuously or dis- 
continuously (in cycles). 

[0060] Depending upon the coating task in each sin- 
gle case UV irradiation may be carried out, for example, 
in a belt unit fitted with one or more UV radiation emitters 
or with one or more UV radiation emitters positioned in 
front of the object to be irradiated, or the area to be ir- 
radiated, or the substrate to be irradiated and/or the UV 
radiation emitter(s) is(are) moved relative to one anoth- 
er during irradiation. For example, the substrate to be 
irradiated may be moved through an irradiation tunnel 
fitted with one or more UV radiation emitters, and/or a 
robot equipped with one or more UV radiation emitters 
may guide the UV radiation emitter(s) over the substrate 
surface. Particularly in workshops it is also possible to 
use UV hand lamps. 

[0061] In principle, the duration of UV irradiation, dis- 
tance from the object and/or radiation output of the UV 
radiation emitter may be varied during UV irradiation. 
The preferred source of UV radiation comprises UV ra- 
diation sources emitting in the wavelength range from 
1 80 to 420 nm, in particular, from 200 to 400 nm. Exam- 
ples of such continuously operating UV radiation sourc- 
es are optionally doped high, medium and low pressure 
mercury vapour emitters and gas discharge tubes, such 
as, for example, low pressure xenon lamps. However, it 



is also possible to use discontinuous UV radiation sourc- 
es. These are preferably so-called high-energy flash de- 
vices (UV flash lamps for short). The UV flash lamps 
may contain a plurality of flash tubes, for example, 
5 quartz tubes filled with inert gas, such as, xenon. The 
UV flash lamps have an illuminance of, for example, at 
least 1 0 megalux, preferably, from 1 0 to 80 megalux per 
flash discharge. The energy per flash discharge may be, 
forexample : 1 to 10 kJoule. 
10 [0062] The irradiation time with UV radiation when UV 
flash lamps are used as the UV radiation source may 
be, for example, in the range from 1 millisecond to 400 
seconds, preferably, from 4 to 160 seconds, depending 
on the number of flash discharges selected. The flashes 
15 may be triggered, for example, about every 4 seconds. 
Curing may occur, for example, by means of 1 to 40 suc- 
cessive flash discharges. 

[0063] If continuous UV radiation sources are used, 
the irradiation time may be, for example, in the range 
from a few seconds to about 5 minutes, preferably less 
than 5 minutes. 

[0064] The distance between the UV radiation sourc- 
es and the substrate surface to be irradiated may be, for 
example, 5 to 60 cm. 

[0065] Irradiation with UV radiation may proceed in 
one or more successive irradiation steps. In other 
words, the energy to be applied by UV irradiation may 
be supplied completely in a single irradiation step or in 
portions in two or more irradiation steps. 
[0066] When the coatings are irradiated by means of 
UV radiation, in particular with UV flash lamps, temper- 
atures may be generated on or in the coating that are 
such that, in the event that the coatings cure by an ad- 
ditional cross-linking mechanism as well as UV-induced 
polymerization, they give rise to at least partial curing 
by means of this additional cross-linking mechanism. 
[0067] In order to cure the coatings by means of the 
additional cross-linking mechanism, the coatings may, 
however, also be exposed to relatively high tempera- 
tures of, for example, 60 to 140°C to cure completely. 
Complete curing may take place by conventional meth- 
ods, for example, in an oven or in a conveyor unit, for 
example, with hot air and/or infrared radiation. Depend- 
ing upon the curing temperature, curing times of 1 to 60 
minutes are possible. The additional thermal curing can 
be performed priorto, during and/or after irradiation with 
high-energy radiation. An appropriately heat-resistant 
foil material must be selected depending upon the cur- 
ing temperatures required for the additional thermal cur- 
ing. 

[0068] For coatings that are curable by irradiation-in- 
duced free-radical and/or cationic polymerization but 
not enhanced by an additional crosslinking mechanism, 
it may be expedient to supply additional thermal energy 
to support the curing. 

[0069] In the preferred case of UV irradiation through 
the backing foil, the foil is removed after irradiation. In 
the case of additional thermal curing, it is expedient, if 
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the coating is first allowed to cool before the foil is re- 
moved. 

[0070] One particular form of the second embodiment 
of the process according to the invention consists in par- 
tial curing of the coating by irradiation (by means of ir- 
radiation induced free-radical and/or cationic polymeri- 
zation) through the backing foil and performing final cur- 
ing in a second irradiation step after removal of the foil. 
In other words, the radiation dose required for complete 
cure (by means of irradiation induced free-radical and/ 
or cationic polymerization) is supplied in at least two 
separate irradiation steps. 

[0071] In the event that the coating contains binders 
that cure by an additional cross-linking mechanism, it is 
possible, for example, in a first step completely or par- 
tially to cure the coating with regard to the free-radical 
and/or cationic polymerization by means of irradiation 
and, after removal of the foil, firstly to perform any out- 
standing final curing with regard to free-radical and/or 
cationic polymerization by means of irradiation and then 
to supply thermal energy for further curing by means of 
the additional cross-linking mechanism. It is, however, 
also possible to perform thermal curing before radiation 
curing. 

[0072] The sequence of process steps b) to d) may 
also be performed several times in succession by ap- 
plying two or more coatings in succession onto the sub- 
strate using backing foils provided with identical or dif- 
ferent coatings. 

[0073] Once a coating has been applied and cured by 
the process according to the invention, one or more fur- 
ther layers, in particular coating layers, may be applied. 
[0074] The process according to the invention may be 
used in industrial coating and in vehicle coating and in 
each case both for original or repair coating and for pro- 
viding substrate surfaces with patterns, pictures, logos 
or the like. Use in workshops, such as, for example, au- 
tomotive repair shops or body shops, is also possible. 
[0075] In particular thanks to the use of backing foils 
coated by means of screen printing, it is possible with 
the process according to the invention to produce coat- 
ings of a layer thickness which may be established ex- 
tremely accurately and reproducibly. The process ac- 
cording to the invention furthermore also makes it pos- 
sible to produce coatings with layer thickness gradients 
or coatings in the form of images. 

Example 

[0076] 

pbw = parts by weight 
wt-% = weight-% 



Example 1 (production of a transparent sealing layer on 
an automotive multilayer coating using a backing foil 
provided with a thermally curable coating): 

5 [0077] A polyurethane resin curable by free-radical 
polymerization was first produced as follows: 
[0078] 369.4 pbw of isophorone diisocyanate were 
combined with 0.6 pbw of methylhydroquinone and 80 
pbw of butyl acetate and heated to 80°C. A mixture of 

10 1 93 pbw of hydroxy ethyl acrylate and 0.5 pbw of dibutyl- 
tin dilaurate was added dropwise in such a manner that 
the reaction temperature did not rise above 100°C. 50 
pbw of butyl acetate were used to rinse out the dropping 
funnel. The temperature was maintained at a maximum 

15 of 1 00°C until an NCO-value of 1 0.1 was obtained. 300 
pbw of a polycapro lactone trio) (Capa 305 from Interox 
Chemicals) and 50 pbw of butyl acetate were then add- 
ed. The reaction mixture was maintained at a maximum 
of 100°C until an NCO-value of <0.5 was obtained. The 

20 mixture was then diluted with 69.6 pbw of butyl acetate. 
A colorless, highly viscous resin with a solids content of 
75 wt-% (1 h/150°C) and a viscosity of 10,000 mPas 
was obtained. 

[0079] A thermally curable clear coat was then pro- 
25 duced from the following constituents: 

80.8 wt-% of the acryloyl-functional polyurethane 
resin produced above, 

1 .3 wt-% of a commercially available thermolabile 
30 peroxide free-radical initiator (Trigonox® 21 from 
Akzo), 

0.1 wt-% of a conventional commercial levelling 
agent (Ebecryl® 350 / UCB) 

0.8 wt-% of a conventional commercial U V absorber 
35 fTinuvin® 384 / CIBA) 

0.8 wt-% of a conventional commercial light stabi- 
lizer (HALS based) (Tmuvin® 292 / CIBA) 
1 6.2 wt-% of butyl acetate. 

40 [0080] The resultant clear coat was then screen print- 
ed onto one side of a 20 pm thick polyester foil. The 
nylon yam printing screen used (thread diameter 20 u.m) 
had 120 threads per linear centimeter. The clear coat 
applied by printing was dried for 10 minutes at 60°C to 

45 evaporate the solvent and, during this period, merged 
into a continuous film with a dry layer thickness of 20 
fim. A slightly tacky, no longer flowable surface was ob- 
tained. 

[0081] An appropriate piece (20 cm x 15 cm) of the 
50 above-coated foil, was placed with its coated side down 
onto one half of a 20 cm x 30 cm metal test panel which 
had been coated with a typical automotive multilayer 
coating comprising electrodeposited primer, surfacer 
coat, base coat and clear coat. 
55 [0082] The coating layer was then heated through the 
backing foil with an IR radiation emitter to approximately 
80°C and laminated without bubbles under gentle pres- 
sure. The still warm and softened coating material was 
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then irradiated through the backing foil for 20 minutes 
and cured by means of a conventional commercial in- 
frared radiation emitter (emission spectrum maximum: 
2,4 ujti; 20 kW/m 2 ; Heraeus) at a distance of 40 cm. The 
foil was then peeled off. 

Example 2 (production of a transparent sealing laver on 
an automotive multilayer coating using a backing foil 
provided with a coating curable by UV irradiation): 

[0083] A clear coat was produced as in Example 1 , 
except that a conventional commercial photoinitiator (Ir- 
gacure® 184, CIBA) was used instead of the peroxide 
free-radical initiator. 

[0084] Using this clear coat, a coated backing foil was 
then produced and used in a similar manner as in Ex- 
ample 1. The only difference was that in the present 
case curing did not proceed by infrared irradiation of the 
still warm and softened coating material, but instead by 
irradiation through the film with 5 flashes by means of a 
UV flash lamp (3000 Ws) at a distance of 20 cm. The 
flashes were triggered every 4 seconds. Thereafter the 
backing foil was peeled off and the coating layer remain- 
ing on the panel was postcured by means of additional 
10 flashes. 

[0085] In both Example 1 and Example 2, the halves 
of the surface sealed with the coating layers which had 
been transferred from the coated backing foils onto the 
multilayer coatings and cured were distinguished by in- 
creased scratch and acid resistance in comparison with 
the unsealed halves. 



Claims 

1. A process for the production of coatings on sub- 
strates comprising the successive steps: 

a) providing a substrate to be coated and a 
backing foil provided on one side with an un- 
cured or at least only partially cured coating of 
a curable coating composition, 

b) applying the coated side of the backing foil 
provided with the uncured or at least only par- 
tially cured coating onto the substrate, 

c) curing of the coating applied in said manner 
and 

d) removing the backing foil from the coating 
which remains on the substrate, 

wherein curing of the coating proceeds prior to and/ 
or after removal of the backing foil and wherein the 
uncured or at least only partially cured coating of 
the curable coating composition is or has been ap- 



composition is a thermally curable coating compo- 
sition and curing proceeds in step c) by supply of 
thermal energy by means of a method selected from 
the group consisting of radiant heating, convection, 
5 induction heating, contact heating and any combi- 

nation thereof. 

3. The process of claim 1 , wherein the curable coating 
composition is a coating composition curable by 
10 means of high-energy radiation and the curing in 
step c) with high-energy radiation is selected from 
the group consisting of electron beam radiation and 
UV radiation. 

15 4. The process of claim 1 , wherein the curable coating 
composition is a coating composition curable ther- 
mally and by means of high-energy radiation and 
the curing in step c) proceeds by supply of thermal 
energy by means of a method selected from the 

20 group consisting of radiant heating, convection, in- 
duction heating, contact heating and any combina- 
tion thereof and with high-energy radiation selected 
from the group consisting of electron beam radia- 
tion and UV radiation. 

25 

5. The process of any one of claims 1 to 4, wherein 
the curable coating composition contains at least 
one binder with free-radically polymerizable olefinic 
double bonds. 

30 

6. The process of any one of claim 1 , 2, 4 or 5, wherein 
the curable coating composition contains at least 
one binder which is crosslinkabie by means of re- 
actions selected from the group consisting of con- 

35 densation reactions, addition reactions and combi- 
nations thereof. 

7. The process of any one of the preceding claims, 
wherein the substrates provided in step a) are se- 

40 lected from the group consisting of vehicle bodies, 

body parts and body fittings. 

8. The process of any one of the preceding claims, 
wherein the coating applied onto the substrate is 

4 5 applied for the purposes of original coating, repair 
coating or provision of the substrate with an image. 

9. Substrates provided with a coating using the proc- 
ess of any one of the preceding claims. 

50 



plied onto one side of the backing foil by screen ss 
printing. 

2. The process of claim 1 , wherein the curable coating 
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